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(54) DENTAL ADHESIVE SET 

(57)Abstract: 

PURPOSE: To provide the subject set composed so that 
the surface of a tooth is preliminarily treated with a 
phosphate salt-containing solution when the tissue of the 
tooth is adhered to a tooth tissue-repairing material with 
an adhesive comprising a radically polymerizable 
unsaturated monomer, an organic phosphate ester and a 
trialkylborane. 

CONSTITUTION: The dental adhesive set comprises the 
combination of a dental adhesive with a dental surface- 
treating agent. The dental adhesive comprises a 
radically polymerizable monomer (e.g. methyl 
methacrylate), an organic phosphate ester of formula I 
[R1 is group of formula ll-V (R3 is alkylene); R2 is H, 
alkyl, group of formula ll-V] (e.g. 
methacryloyloxyethylphosphate), and a trialkylborane or a partially oxygen-added 
trialkylborane; The tooth surface- treating agent is a solution containing a phosphate salt (e.g. 
orthophosphate, pyrophosphate, polyphosphate, hypophophite). The adhesive permits to 
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improve the polymerizability of the organic phosphate ester and thereby sufficiently exhibit the 
adhesive effect. 
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♦NOTICES* 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] (A) One or more sorts of a. radical polymerization nature partial saturation monomer, the b. 
following general formula (1) 
[Formula 1] 

0 

R1O-P-OR2 •••CO 
I 

OH 

H CH 8 
(iWRii* CH 2 =C-COORg. CH2=C-COOR 8 . 

H CHs 
CH 2 =C-COOR S ORa. CH2= C- COORaORa 

H CHs 
I I 
CH2 = C - COOR3 . CH Z = C - COORg . 

H CHs 
I I 
CHa= C - COORsORa „ CHa= C - CCORsORs 

since ~ it chooses out of the becoming group ~ having - R3 in these formulas It is the alkylene group of 
the carbon atomic numbers 1 or 2. Adhesives set for dentistries which consists of combination of the 
adhesives for dentistries constituted considering the compound which made oxygen add to the 
organophosphate, c. trialkyl borane, or trialkyl borane shown partially as a principal component, and the 
tooth finishing agent which consists of a solution containing (B). phosphate. 
[Claim 2] phosphate -- Fe4 3 (P2 07) and Fe3 2 (P04) Or Cu4 3 (P2 07) it is -- adhesives set for 
dentistries according to claim 1 , 



[Translation done.] 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** s h ows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to the adhesives set for dentistries which consists of 
combination of the tooth finishing agent applied to a tooth front face in case a living body tooth 
organization is made to paste up the ingredients (a metallic material, organic polymeric materials, 
ceramic ingredient, etc.) which restore this organization in an odontotherapy etc., and adhesives. 
[0002] 1 
[Description of the Prior Art] Conventionally, in case adhesives are applied to a tooth front face in an 
odontotherapy, in order to raise an adhesive property, etching a tooth front face, building detailed 
irregularity on a tooth front face, and making it paste up according to an anchor effect is performed 
(JP,59- 128330, A), however, an anchor effect — since the adhesion effectiveness is inadequate — citric- 
acid-FeC13 from — making the tooth front face processed in the becoming water solution paste using the 
adhesives which consist of methyl methacrylate and tributyl borate is proposed. (Dental-engineering 
magazine Vol.23 besides Nakabayashi and Takeyama , No.61 (1982)) . Moreover, including 
organophosphate in light hardening mold adhesives as a component of adhesives, and raising bond 
strength (JP,01-178569,A, JP,60-231605,A) is also performed. 
[0003] 

[Problem(s) to be Solved by the Invention] In view of the above-mentioned present condition, this 
invention persons took lessons from adhesives, and inquired wholeheartedly. And when the adhesives 
which newly added organophosphate to the adhesives which combined the methyl methacrylate which is 
the above-mentioned well-known technique, and trialkyl borane were invented and this thing was 
examined, the polymerization nature of organophosphate was bad and the result inferior to an adhesive 
property was obtained. Furthermore, use of these adhesives is faced and it is citric-acid-FeC13 to a tooth 
beforehand. Even if it performed pretreatment to depend, sufficient bond strength was not obtained. 
[0004] 

[Means for Solving the Problem] The purpose of this invention improves the polymerization nature of 
the' organophosphate which was a problem in the conventional technique, and is to offer the adhesives 
set which demonstrates the adhesion effectiveness enough. 

[0005] In order to attain the above-mentioned purpose, as a result of examining many things, using the 
adhesives which consist of a radical polymerization nature partial saturation monomer, 
organophosphate, and trialkyl borane, this invention persons face making a tooth organization paste up a 
tooth organization restoration ingredient, by processing a tooth front face with the solution which 
contains phosphate beforehand, find out that all the troubles of the above-mentioned conventional 
technique are solvable, and come to complete this invention. 

[0006] That is, this invention is one or more sorts of a (A) a. radical polymerization nature partial 
saturation monomer, and the b. following general formula (1). 
[0007] 
[Formula 2] 
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O 

II 

RiO-P-ORa —(1) 
I 

OH 

H CH 8 
(SttRil* CH 2 =C-CXX)R3. CH2=C-COOR 3 . 

H CH 9 
CH 2 =C-COOR80Ra, CHa=C - COORaORs 

^Stt*»^^»infc*>©-C*0. Rail**. ft*J§m&l~12<Z) 

H CHa 
I I 
Clfc = C - COORa . CH 2 =C-000Ra. 

H CHa 
CHa = C - CXX)Ra ORa > CHa = C - COORaORs 

since — it chooses out of the becoming group — having ~ R3 in these formulas It is the alkylene group of 
the carbon atomic numbers 1 or 2. the organophosphate shown — c. Adhesives for dentistries constituted 
considering the compound which made oxygen add to trialkyl borane or trialkyl borane partially as a 
principal component, (B) - the adhesives set for dentistries which consists of combination with the 
tooth finishing agent which consists of a solution containing . phosphate — it is — phosphate — Fe4(P2 
07) 3 and Fe3 2 (P04) Or Cu4 3 (P2 07) it is - things are included. 
[0008] Hereafter, this invention is explained to a detail. 

[0009] The adhesives set for dentistries of this invention consists of combination of the adhesives for 
dentistries, and a tooth finishing agent. 

[0010] The adhesives for dentistries are constituted considering a radical polymerization nature partial 
saturation monomer, organophosphate, and trialkyl borane as a principal component. 
[001 1] A thing polyfunctional also in the thing of monofunctional nature is sufficient as the radical 
polymerization nature partial saturation monomer used for this invention. As a monofunctional nature 
partial saturation monomer, vinyl system monomers, such as methyl (meta) acrylate, ethyl (meta) 
acrylate, propyl (meta) acrylate, butyl (meta) acrylate, pentyl (meta) acrylate, hexyl (meta) acrylate, 
vinyl acetate, styrene, acrylonitrile, glycidyl methacrylate, and benzyl methacrylate, can be illustrated. 
[0012] As a polyfunctional partial saturation monomer, ethylene GURIKORUJI (meta) acrylate and an 
ethylene glycol unit are the acrylate (meta) of polyhydric alcohol, such as polyethylene GURIKORUJI 
(meta) acrylate of 2-20, 1, 6-hexane JIORUJI (meta) acrylate, neopentyl GURIKORUJI (meta) acrylate, 
and TORIMECHI roll pro pantry (meta) acrylate, the polyfunctional (meta) acrylate shown by the 
following general formula, and [0013]. 
[Formula 3] 

R* CH3 R4 

CH 2 =CC (COfeCIfe) pO-^~^-C-^~^-0 (CHzCHaO) pOC = CH2 — (2) 
O CHg O 

[0014] 
[Formula 4] 
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R4 OH CH3 OH R4 

CH^i^OCHjClBCHaJpO-^^^ ...(3) 
O O 

(R4 shows hydrogen or a methyl group among a formula, and P shows the integer of 1-20.) 

[0015] 

[Formula 5] 

(C% = CCOCH2)2 CHOCNH-X-NBJOCH (CHzOCC = CH.02 — (4) 

A o o A 

(Among a formula, R5 shows hydrogen or a methyl group, may be mutually the same and may differ.) X 
is the alkylene group of carbon numbers 1-6, or [0016]. 
[Formula 6] 
CH a 

- CHg CCH 2 CHGH 2 CH2 - 
GBg CH 3 



1 and 2 bis[3-(meth)acryloyloxy-2-hydroxy propoxy ones] ethane, 1, and 4-bis[3-(meth)acryloyloxy-2- 
hydroxy propoxy one] butane etc. can be illustrated. 

[0017] The inside of these partial saturation monomers, methyl (meta) aery late, benzyl methacrylate, 2- 
hydroxyethyl methacrylate, ethylene GURIKORUJI (meta) acrylate, TORIECHIRENGURIKORUJI 
(meta) acrylate, nona ethylene GURIKORUJI (meta) acrylate, Tetra-deca ethylene GURIKORUJI 
(meta) acrylate, trimethylolpropane triacrylate, 1, 6-hexane JIORUJI (meta) acrylate, the above- 
mentioned formula (2), Inside R4 of the monomer shown by (3) The inside R5 of what is a methyl 
group, and the monomer shown by the general formula (4) is a methyl group altogether. That (following 
it abbreviates to U-4H) whose X is a hexylene radical, and the compound (it abbreviates to U-4HA 
below) shown by the following formula can be shown as a desirable partial saturation monomer. 
[0018] 
[Formula 7] 

O 0 
II "I 
CH3=CHCOCIfeO O CHj80CCH = CH2 

GEfa CHDCNH (GH2) e NHCXXjH CH3 

CH 2 =COOCH2 CH20CC = CH2 



At least one kind of the above-mentioned partial saturation monomer is blended with adhesives. 
[0019] As organophosphate shown by the general formula (1) used by this invention, it is 
methacryloiloxy-ethyl phosphate: [0020]. 
[Formula 8] 

CHa O 

H2C = C-COO- (Ofe)2-0-P- (QH)2 > 

Acryloyloxyethyl phosphate : [0021] 
[Formula 9] 
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H O 

I II 



IfcC-C-COO- (CH2)2 - O-P- 



(QHD 2 



Dimethacryloyl oxy-ethyl phosphate 



[0022] 



[Formula 10] 



GH3 O 



CHa 



I D 



H2C = C-000- (CH2>2 -O-P- 



O- (CHa)z -OCO-C = CHa 



OH 



Diacryloyl oxy-ethyl phosphate : [0023] 




O H 




OH 



** - it is used suitably. Since methacryloiloxy-ethyl phosphate and dimethacryloyl oxy-ethyl phosphate 
are especially excellent in polymerization nature, it is still more suitable. 

[0024] Its 1-30 weight section is desirable to the radical polymerization nature partial saturation 
monomer 100 weight section, and since the amount of the above-mentioned organophosphate used is 
excellent in polymerization nature and an adhesive property if it is further 2-20 weight sections, it is 
desirable. 

[0025] Being able to use what has improved the stability of the alkyl borane and this compound which 
are shown as trialkyl borane used by this invention by general formula R'3 B (R 1 is the alkyl group of the 
carbon atomic numbers 1-12), these act as a polymerization initiator. There is the approach of being 
hydrophobicity, such as an approach by building amines and complex, an approach by making oxygen 
react, vaseline, paraffin, and silicone, and mixing with nonvolatile matter etc. in stabilization of trialkyl 
borane. Especially, the approach to which oxygen is made to add partially is the most effective as 
indicated by JP,51-37092,B. What has improved the stability of for example, trimethyl borane, 
triethylborane, Tori n-propyl borane, Tori n-butyl borane, Tori iso-butyl borane, Tori tert-butyl borane, 
Tori n-octyl borane, and this compound by partial oxygenation as trialkyl borane is used suitably. What 
has improved the stability of Tori n-propyl borane, Tori n-butyl borane, Tori iso-butyl borane, Tori tert- 
butyl borane, and this compound by partial oxygenation especially is suitably used from excelling in the 
hardenability of a monomer. Addition of these trialkyl borane polymerization initiators has the desirable 
range of 0.01 - 30 % of the weight of trialkyl boranes to the sum total weight of all radical 
polymerization nature partial saturation monomers and organophosphate, and 1-10% of the weight of 
the range is especially suitable for it. 

[0026] The approach of making the adhesives for dentistries by using trialkyl borane as a principal 
component is illustrated next, and is described as the above-mentioned radical polymerization nature 
partial saturation monomer and organophosphate. 

[0027] In ordinary temperature, a radical polymerization nature partial saturation monomer and 

organophosphate are mixed. To this, trialkyl borane or a partial oxygen addition product is mixed just 

before use, and it considers as adhesives at it. Or a radical polymerization nature partial saturation 

monomer, organophosphate, trialkyl borane, or a partial oxygen addition product is mixed and used for 

coincidence in ordinary temperature just before use. 

[0028] Next, the tooth finishing agent used by this invention is explained. 

[0029] A tooth finishing agent consists of a solution containing phosphate. 

[0030] Both phosphate hypophosphate phosphite and hypophosphite can be used as phosphate. Since 
solubility [ as opposed to a solvent in an orthophosphate, a pyrophosphate, a polymetaphosphate salt, 
and hypophosphite ] is good, it is [ among these ] desirable. 
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[0031] Specifically Co3 2 (P04), CrP04, CuP04, Cu3 2 (PCM), FeP04, and Fe3 2 (P04), Mg3 2 (P04), 
Cu4 3 (P2 07), Fe4 3 (P2 07), Fe two P207, MnHP04, Cu two P207, K4 P2 07, CaHP04, and 
calcium2 (H2 P02) It can illustrate as a desirable thing. 

[0032] Among these Fe4 3 (P2 07) and Fe3 2 (P04) Or Cu4 3 (P2 07) It is desirable in order to make 
still better polymerization nature of a radical polymerization nature partial saturation monomer. 
[0033] These phosphate makes good polymerization nature of the radical polymerization nature partial 
saturation monomer used for adhesives, raises the reinforcement of the adhesives structure and makes 
bond strength good as a result. 

[0034] It mixes with the solvent which can dissolve this compound, and the phosphate used for this 
invention is used. Especially as a solvent which can be used, water and alcohol are desirable, lower 
alcohol is desirable as alcohol, and ethanol is still more desirable if it takes into consideration using it 
with a living body. 

[0035] As for the loadings of phosphate, it is desirable to consider as 1 - 20 weight section to the solvent 
100 weight section which can dissolve this compound, and its range of 1.5 - 10 weight section is still 
more desirable. When this range is crossed, the adhesive property over a tooth will be remarkably 
inferior. 

[0036] Although the tooth finishing agent used for this invention is constituted considering the solvent 
which can dissolve above-mentioned phosphate and this above-mentioned compound as a principal 
component, water-soluble polymers (for example, polyvinyl alcohol, a polyethylene glycol, a polyvinyl 
pyrrolidone, ethyl cellulose, etc.) can also be blended if needed. Combination of this phosphate and 
additives, such as an acid compound (for example, a phosphoric acid, a citric acid, an acrylic acid, a 
methacrylic acid, a lactic acid, polyphosphoric acid) which does not react, is also still more possible. 
[0037] Next, it explains about the case where a living body tooth organization is restored using the 
adhesives set for dentistries of this invention constituted as mentioned above. 

[0038] First, by the tooth finishing agent which consists of a solution containing phosphate, a processing 
side is rinsed and the deficit part of a patient's tooth is dried, dozens of seconds thru/or after processing 
for several minutes. Subsequently, the adhesives mixed at the room temperature just before use are 
beforehand applied to the part. Subsequently, in order to be filled up with restorative dental materials, 
such as composite resin, and to stiffen the restorative dental materials, the light, ultraviolet radiation, etc. 
are irradiated if needed. 

[0039] Thereby, a living body tooth organization can be made to paste up the restorative dental 

materials. 

[0040] 

[Example] Hereafter, although this invention is explained still more concretely using an example, this 
invention is not limited to these examples. 

[0041] (Creation of the piece of an adhesion test, and measuring method of adhesive strength) After 
starting the dentine side of the fresh cow anterior tooth immediately after an odontectomy and grinding 
by water flowing down using JIS No. 1000 waterproof abrasive paper, the front face was processed for 
30 seconds by the tooth finishing agent. After rinsing, it dried in Ayr and crawled on the cellophane tape 
which the circular hole with a bore of 6mm (outer diameter of 13mm) opened. After applying the 
aclhesives for dentistries to a circular hole, the with a bore height [ 5mm height of about 5mm ] silicon 
ring was installed, and it was filled up with the restorative dental materials (trade name: Graft LC, G C 
company make) of marketing in this silicon ring so that height might be set to about 3mm. Aclhesives 
and the restorative dental materials were stiffened by leaving a visible ray (.GC light Made from G C) in 
an exposure and a room temperature for 60 seconds for 1 hour. Then, the silicon ring was removed and 
the test piece which the restorative dental materials pasted up on the tooth front face was obtained. After 
creating these ten test pieces and saving this whole piece of an adhesion test for one day underwater 
[ 37-degree C ], the acrylic rod with a diameter of 6mm was pasted up by the matching method, it 
examined by having pulled under the following conditions, and bond strength was measured. 
[0042] Hauling testing machine : Oriental Baldwin tensilon crosshead speed : 0.5 mm/min examples 1 - 
the 2 methyl-methacrylate (following MMA and brief sketch) 50 weight section, The 2 and 2'-screw [4- 
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(meta-chestnut ROKISHI ethoxy) phenyl] propane (following Bis-MEPP and brief sketch) 50 weight 
section, It mixed, just before using the methacryloiloxy-ethyl phosphate (following PM-1 and brief 
sketch) 10 weight section and the Tori n-butyl borane 5 weight section, and it used as adhesives 
(following it is written as adhesives No.L-1). The mixed solution of the Fe4 3 (P2 07) 5 weight section, 
the phosphoric-acid 10 weight section, and the water 100 weight section was adjusted and used as a 
tooth finishing agent (it is hereafter written as tooth finishing agent No.S-1). the place which measured 
dentine bond strength as creation of the piece of an adhesion test, and the measuring method of adhesive 
strength — dentine bond strength 173kg/cm2 it was . 

[0043] moreover, the place which measured dentine bond strength completely like the example 1 1 
except using the compound to which 0.5-mol oxygen was made to add partially to one mol of tree n- 
butyl boranes instead of tree n-butyl borane — 175kg/cm2 it was . 
(Example 2) 

The mixed solution of the phosphate shown in Table 1 as examples 3-26, the example 1 of a comparison 
- a 4 (adjustment of tooth finishing agent) tooth finishing agent and the water 100 weight section, and 
the phosphoric-acid 20 weight section was adjusted (tooth finishing agent No.S-2-S-l 1). 
[0044] 
[Table 1] 

3cl 









mm 




aaassi 


(mm 


(IK) 


* 




No. 








m) 


S-2 


Fe, (P0 4 ) 2 


(5) 


100 


20 


S-3 


CU 4 (P> O7 ) 8 


(5) 


» 


rt 


S-4 


Cu, (PO« ) , 


(5) 


ft 




S-5 


Cu, P s 0 7 


(5) 


tt 


ft 


S-6 


Fe* P» O7 


(5) 


ft 


rt 


S- 7 


Co, (PO* ) * 


(5) 


ft 




S-8 


C U PO4 


(5) 


ft 


ft 


S-9 


Mg s (PO< ) 2 


(5) 


ft 




S-1 0 


Fe, (P0 4 ) , 


(2) 


rt 




S-1 1 


Fe, (PO< ) * 


(8) 


ft 





Moreover, it is Fe4 3 (P2 07) as a tooth finishing agent. The solvent shown in 5 weight sections and 
Table 2 and the thing which mixed the additive were adjusted (tooth finishing agent No.S-12-S-14). 
[0045] 
[Table 2] 
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St2 







mm 




mm 


Fe4(P 2 0 7 ). 


mm) («) 


cssd («) 


No. 


(SB) 






S-1 2 


5 


* (100) 




S- 1 3 


5 


* (100) 


t?x>M (2 0) 


S-14 


5 


x^/-;p (l o o) 





(Adjustment of adhesives) As adhesives PM-1 Ten weight sections, Tori n-butyl borane The radical 
polymerization nature partial saturation monomer shown in 5 weight sections and Table 3 was mixed 
and used just before use (adhesives No.L-2-L-6). Moreover, organophosphate and MMA which were 
shown in Table 4 as adhesives 50 weight sections, Bis-MEPP 50 weight sections and the Tori n-butyl 
borane 5 weight section were mixed and used just before use (adhesives No.L-7-L-9). Furthermore, it is 
MMA as adhesives. 50 weight sections, Bis-MEPP 50 weight sections, PM-1 Ten weight sections and 
the trialkyl borane shown in Table 5 were mixed and used just before use (adhesives No.L-10-L-12). 
[0046] 
[Table 3] 

^3 







PM- 1 


MJn- 


No. 


ms® m 










m 


(«) 


L-2 


Bis-GMA(60),MMA(40) 


1 0 


5 


L-3 


Bis-GMA(60),HEHA(40) 


1 0 


5 


L-4 


Bis-HBPP (40) , 3G(40) , 1MHA(20) 


1 0 


5 


L-5 


MMA(50),HEMA(50) 


10 


5 


L-6 


MMA(IOO) 


1 0 


5 



Bis-GMA;2 and 2'-screw [4-(3-meta-chestnut ROKISHI-2-hydroxy propoxy) phenyl] propane 3G; 
triethylene glycol dimethacrylate HEMA; 2-hydroxyethyl methacrylate [0047] 
[Table 4] 











No. 




mm (M) 






mm m 




. m 


L-7 


MMA(50), Bis-MEPP (50) 


PM-1 (15) 


5 


L-8 


n 


PM-1 (5) 


5 


L-9 


n 


PM-2 1 (1 0) 
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PM-21; dimethacryloyl oxy-ethyl phosphate [0048] 
[Table 5] 

£5 



mm 

No. 


mm w> 


L- 1 0 
L-1 1 
L- 1 2 


hVn-77Mfi9> (10) 
MJ i s o-7?)V#5> (5) 
hUn-7n_;M*5> (5) 



It was shown in Table 6 by making into examples 3-15 the result of having measured dentine bond 

strength like the example 1 except having used S-2 to S-14 as a tooth finishing agent. 

[0049] Moreover, it was shown in Table 7 by making into examples 16-26 the result of having measured 

dentine bond strength like the example 1 except having used L-2 to L-1 2 as adhesives. 

[0050] It is FeC13 instead of a solution phosphate additive- free [ as examples 1-3 of a comparison / as a 

tooth finishing agent ] on the other hand, or phosphate. What was used was adjusted (Table 8 (tooth 

finishing agent No.HS-l-HS-3)). The result of having measured dentine bond strength using the same 

adhesives as an example 1 was shown in Table 9 except having used the adjusted tooth finishing agent. 

[0051] Furthermore, it was shown in Table 9 by making into the example 4 of a comparison the result of 

having measured dentine bond strength using the same adhesives as an example 1 except having not 

performed tooth surface treatment. 

[0052] 

[Table 6] 

£6 
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H 
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S-6 
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9 
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10 
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n 
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n 


16 0 
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S-1 1 
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S-1 2 


u 
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1 4 


S- 1 3 


IT 


17 1 


1 5 


S-14 


n 


12 0 



[0053] 
[Table 7] 
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37 
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[0054] 
[Table 8] 

38 
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HS-2 
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[0055] 
[Table 9] 
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B 
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a 
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[0056] 

[Effect of the Invention] In case this invention makes a tooth organization paste up a tooth restoration 
ingredient using the adhesives which consist of a radical polymerization nature partial saturation 
monomer, organophosphate and trialkyl borane, or a partial oxygen addition product, by processing a 
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tooth front face with the solution which contains phosphate beforehand, it improves the polymerization 
nature of organophosphate and does so the effectiveness of demonstrating the adhesion effectiveness 
enough. 



[Translation done.] 
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